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The In st itute of Hy d rology is a comp one nt e stablishment of the UK
Natur al Environment Resear ch Counc il, g rant-a id ed from Government
b y the De p artment of Ed ucation and Sc ie nce . For ove r 20 years the
Ins titute has b e e n at the forefron t of re sea rch exp loration of hydrolog ical
syste ms w ithin comp le te ca tchment a re as and into the p hysica l
p rocesse s b y which rain or snow is transformed into flow in rivers .
Ap p lie d stu die s , und e rtaken both in the UK and ove rseas e nsure s tha t
re search activitie s are c lose ly re lated to p ractical nee ds and that newly
d eve lop e d m e thods and instrume nts a r e te ste d for a wide range of
environme ntal con d itions .
The Ins titute , b ased at Wa llingford , emp loys 140 staf , some 100 of whom
are graduate s . Staff struc ture is mu ltid isc ip linary involving p hysicists ,
geogra p he rs , g eolog ists , compute r sc ie ntists , mathematic ians , che mis ts,
environ me nta l sc ie ntists , soil scientists and botanists . Rese ar ch
d e par tme nts includ e catchment re se a rch , remote sensing,
ins trum entation , data p rocessing , m a thematical mod e lling ,
hydroge olog y hydrochemistry soil hyd rolog y evap or ation flux stud ies,
ve ge ta tion -atm osp he ric inte ra c tions, flood and low -flow pred ictions ,
catc hment re sponse and eng in e e ring hydrology
The b ud ge t of th e Institute com prise s £4.5 m illion pe r year About 50
p erce nt re la te s to re se arch programmes fund ed dire c tly b y the Natu ral
Environme nt Re sea rch Council. Extensive commissione d r esearc h is
also carrie d out on b e ha lf of gove rnme nt d e partme nts (both UK and
ove rse as), va r ious inte rnationa l age nc ies , e nvironme nta l org anisations
and pr ivate sector clients . The Institute is a ls o re spons ib le for
na tionally archive d hydrolog ical data and for pub lishing annually
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1. Background
A report on an investigat ion into the rising water levels beneath Doha was
presented in May 1983 [1]. This included maps of the depth to water level
and water table elevation for February 1983 based on data fro m 180
boreho les. A mathemat ical model of the Upper Dammam aquifer was
developed to infer recharge and fl ow from the aquifer system.
O nly a limited appraisal of the rate of water level change could be
u ndertaken in 1983 as only 22 sites had monitor ing data for one year or
mo re. However, since then, water levels have been mo nitored regularly in a
networ k of about 110 boreh oles.
At the request of Balfours Internat ional, acting on behalf of the Water
Department of the Ministry of Water and Electricity, the new water level data
have been used to examine the present recharge situation using the existing
model. A brief review of the current water level situation and trends in water
level changes has also been undertaken.
2. Review of water level da ta
2.1 INT RODUC TION
The natural, pre-development water table elevation was abou t l m aQND
(Q atar National Datum) with a gradient towards the coast. By 1983 the
combination of impor ted water and reduced abstraction associated with urban
development had created a recharge mound beneath the city with wate r level
elevations of up to 9 m aQND.
The hydrogeological conditions of the area are rather complex due to the
occu rrence of local karstic zones of higher permeability. Inflow and outfl ow
from the system was estimated using both a water balance approach and a
groundwater model.
By ,February 1983 a monitor ing network of 180 wells and bor eholes had been
established. However, many of these sites had less than a 4 month reco rd, 46
had records of between 4 months and one year and only 22 had mo nitoring
data available for more than one yea r. The water level data were used to
prepare a water level contour map and depth to water level map for F ebruary
1983. Water levels were shown to be less • than • 2m below ground level in
some areas, ma ' 'f . local topographic depresSions.
The new water level data have been used to prepare maps of the water level
situation at • the end of 1988. The spatial distribu tion of monitoring points
varies somewhat from the distribution in 1983, par ticularly in ' the western and
_ fi ou thern areas, and this infl uences the water level contou r in terpret ation .andr
the subsequent estimates of recharge and boundary flows. Consequently, undue
•
emphasis should not be placed on local changes as these may be due merely
to dif erences in the data available in 1983 and in 1988.
•
A s far as possible all of the new data have been considered in prepar ing the
•
new maps, except those recognised as being infl uenced by pumping. The data
from a total of 90 boreholes were used to prepare the contour maps, of
•
which 68 had data for December 1988, 9 had data collected during the last
few months of 1988 and a further 13 were influenced by pumping and had
•
only an approximate rest water level.
•
•
2.2 WAT ER LEVE L CONFIGURATION, 1988
•
Figure 1 shows the water table elevation for December 1988. The main points
• to note are:-
•
l j The general configuration has remained broadly similar to that observed in
February 1983: two local recharge mounds are superimposed upon a more
•
regional mound extending south-west, west and north-west and bounded on the
east by a steep gradient.
•
-a: Water level elevations of about 8 to 10m now occur in the local recharge
•
mounds and of about 6 to 7.5m over much of the western area.
•
- A low area of about 3m elevation at Muraikh is revealed by the data
for 1988 in an area where there were no data in 1983.
•
•
23 CHANGE TN WATE R LEVELS, FEB 1983 TO DEC 1988
•
• The net change in water levels between February 1983 and December 1988 is
shown in Figure 2.
•
A rise in water level has been recorded over most of the area but the main
• rise has taken place in the west where increases of about 1 to 3m have been
observed. The rise in water level in this area can be attributed to the lateral
• fl ow of groundwater f rom the peak of the mound, such that water levels have
now risen beyond the boundaries of the existing model in particular to the
• west and south. Water levels have risen by about 1.5m in the western part of
the area but by as much as 3m in the south west towards Ghanim El Jadid.
•
The apparent decline in water levels at Madina Khalifa and Muraikh is due to
• \ dif erences in the availabil ity of data in 1983 and 1988.
• The coastal area has shown increases of betw een 0.5 and l m in the West Bay
area and declines of 0.5 and l m south of the bay. The low area between the
• two local recharge mounds shows declines of between about 0.4 and 0.9m.
•
2.4 DE PT H TO WATER LEVE L, DE C 1988
Figure 4 shows the depth to water table in December 1988. The pat tern is
similar  J o  that of 1983. Most of the cent ral area has wel ter levels of mo re
than  S  m  bgL Areas having wate r levels less th an 2.5 mh occur along the
coast, near Old Rayyan, Muraikh, Wad i Musheir ib, and in the low are a
extend ing nor th of Abu Hamur.
lA^ 01-9
The areas .. having shallow water levels aff4 ikely—to be mo re extensive than
indicated 5 11i ll -t cl r low topographic areas ari s kIsio likely to have shallow
Tr4water levels bu2 14 V water level monitoring
2.5 WATE R LEVEL T RE ND S
The water level data are presented as hydrographs in Annex A. The average
annual trend in water level for 59 sites with longer term records are tabu late d
in Annex B.
The hydrographs ind icate a relat ively constant rise in water level from 1982 to
1987. The average annual rise in water level at those sites where a trend can
be defi ned is 0.164 m/y (range -0.137 to +0.35 m/y). Assuming a specifi c yield
of 2% this represents a net gain to storage of 0.53 Mm3/y over the area of
the mo del of ) 4 4' km2. This gain is on ly 3.7% of the estimated annual
recharge of 14 Mm3/y.
In 1987/1988 there would appear to be a mo re marke d seasonal change, which
may be due to the except ional rainfall in early 1988. However, it is considered
likely that the water level trends observed pr ior to 1987 will become
re-established in 1989, although the local situation has become more complex
due to the installation of a unifi ed wastewater system.
There is no clear relationship between the rate of water level  rise  an d the
depth to water level.
3. Update of recharge and boundary fl ows
3.1 MODE L DESCR IP T IO N
A full descript ion of the model is given in the 1983 report. An inferred
recharge model was applied in which the area of concern is discretised by a
grid of nodal points. The total recharge comprises known and inferred
recharge components. Based on a consideration of the engineering water
balance, which was undertaken as part of the earlier st udy, an d the
hydr ogeology, a limited number of nodal grid poin ts were constrained as
having zero inferred recharge. It was then possible to determine the inferred
recharge for the unconstrained nodes using the observed heads, known
recharges, zero inferre d recharges and a fi nit e dif erence approAmation matrix.
• Best-fi t groundwater levels were then calculated for each nodal point from the
combined fixed and inferre d recharges.
•
•
3 .2 MODIF ICATIONS TO THE MOD EL
1110
• A minor mo dification in the procedu re for determining inferred recharges at
nodal points was introduced which resulted in improved estimates of the
• infer red recharge, as indicated by the decrease in the sum of squared residuals
given in Table 1.
3.3 MODEL RESULTS
• Two model runs were undertaken, both with the minor mo dification in the
model procedure :
a re-run of the model with the 1983 water levels
• a model run with the 1988 water levels
• The results are presented in Table 1. The results ' for 1988 are shown in
Figure 5 for each of the grid blocks. The main poin ts to emerge fro m this
• exercise are :-
• A revised net . recharge of 14.34 Mm3/y was derived for 1983 using the
improved model procedure. The recharge was calculated to be 14.73 Mm34, for
• 1988, an increase of only 2.7%. This would suggest that recharge has remained
constant.
Whilst the annual volume of recharge would appear to have remained the
•
?IQ same, there are some apparent changes in the din ribution of recharge:
there are signifi can t increases in areas A and E (Table 1),
•
1
which would appear to be due to the rise in water levels in
the western ar ea. The decrease in area B may be due to the
11. increased contr ib ution int o area A.
• * whilst the recharge has decreased in area C, it has increased in
•
area D such that the to tal recharge for areas C and D
remains const ant at about 12.5. Mm3/y.
Water level declines, typically of up to l m, have occurred in central Doha
(area D), although the mo del suggests an increase in recharge. This may be
due to the rise in water levels and more extensive recharge mound to the
south-west of the bay and the localised recharge mound ju st south of the
• bay.
• P
.\ __: There is some uncert ainty as to the occurrence of a recharge mound tot
the nor th -west i of the bay which correspon ds to a peak observed in 1983 and
•
supported by the water balance study. A model sensit ivity test was performed
by increasing the 1988 water level by 3m in th is area, bu t this had a
•
negligible ef ect on the total recharge.
•
It shou ld be noted that the model results will include the ef ects ofn
dif erences in the data available for 1983 and 1988. At present the level of
•
uncerta inty int roduced by dif erences in these data sets has no t been
quantifi ed. In addition , the expansion of the recharge mound may invalidate 1
•
certa in nodes where the inferred recharge was constrained as zero, which, for - -
example, could also account for the increased recharge in area D. It would be
•
desirable to extend the model bou ndary to the west due to the expansion of






V Recommendations for fu r ther work
c_
Water level monitoring 4 ta are noy i available which could be used to assist
management, for example r establisle priorities for the control of rising water
levels or to observe the success of control measures.
o riittAnt
There are some defi ciencies in the / network ,. which_l imiL_the.._preparation—of-
feliable—maps—and- -the—model. For example, many of the monitor ing poin ts are
clustered in the eai teri i afi a whereas large areas to the nor th and west have
on ly sparse data. The frequency of measurement, the need for addition al
monitoring sites, or sites where automatic recor ders might be useful could be
related to those areas where a further rise in water level would be
undesirable. The network could be extended to provide additional control
poin ts for the preparation of water level maps and to ensure that areas at
risk are monit ored.




ry m e con s' eration
bsi ra tio w Ils.
uld alsor be given/ To monitor ing water quality nt
•
and suggest where the distribu tion or num ber of monitor ing points and the
frequency of readings could be opt imised in terms of the data collection
•
objectives and costs of obt aining the data t t is also recommend that a
compu terised data base system could be appli d to allow maps or hydrographs
•
to be produced easily so that the situation can be updated and reviewed at
regular intervals.
Only a br ief review of water level trends in relat ion to water level depths has
been under taken during th is study. The water level records, together with
other relevant in formation, such as top ography. or population distri bution , could
be used to establish those areas which are likely to be at greatest risk from a
continued r ise in water level. This wou ld requ ire risk criteria to be defi ned.
t5 C -
0 " ti mk
4 b< Modelling
The boundaries of the mdsting model need to be extended to incorporate the
spread of the recharge mound. Unce rtainty in the spat ial distribution of data
needs to be quantifi ed for any further modelling studies. The- results- of--tho
planned- engineering_ water.....balance_ study- should- be- tested- -with- the - mode l- so-
that- the- most- up-to-date - situation s incorpOrated.-
Refer ences
L. Rising Water Table Project , May 1983. ASCO (Qatar) for Ministry of
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A nnex A
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Wat er Level Trends
•
Bo reh o le
Num ber
0
E st im ated A nnu a l Bo reho le
Rate o f Ch ang e in Numb er
W ater Lev e l
(m/ year )
E s t imated A nnua l
R a te o f Chang e in
W ater Lev e l
(m/ye a r )
2339 .3 10 0 .137 22 39 .12 0 0 .1 37
• 2339 .3 30 -0 .050 2239 .12 1 0 .07 5
23 39 .2 60 0 .087 22 39 .420 0 .17 5
•
2239 .7 00 0 .1 37 22 38 .4 10 0 .30 0
22 39 .9 00 0 .1 37 2338 .400 0 .30 0
•
2239 .1 28 0 .1 12 22 39 .320 0 .287
2239 .1 20 0 .0 37 22 39 .33 0 0 .0 00
•
2239 .4 80 0 .21 2 22 38 .70 0 0 .1 62
2239 .5 00 0 .2 0 0 22 39 .340 0 .1 25
•
2239 .5 20 0 .2 12 2239 .350 0 .07 5
2239 .1 07 0 .27 5 22 39 .410 0 .1 7 5
•
2238 .220 0 .17 5 22 39 .22 8 0 .1 37
2 238 .2 30 0 .25 0 22 38 .600 0 .3 37
•
2238 .470 0 .3 0 0 22 39 .80 0 0 .2 6 2
2238 .480 0 .18 7 23 39 .1 10 0 .35 0
•
2238 .49 0 0 .2 50 2339 .20 0 0 .25 0
2238 .700 0 .2 5 0 2339 .90 0 0 .2 62
•
2239 .231 0 .0 7 5 2339 .100 0 .0 87
2239 .780 0 .1 00 2337 .74 0 0 .2 25
•
2240 .100 0 .1 37 22 39 .24 1 0 .1 50
2239 .230 0 .137 22 39 .24 2 0 .087
•
2238 .25 0 0 .2 00 22 39 .17 7 0 .1 00
2238 .630 0 .162 23 39 .630 0 .3 12
•
2238 .610 0 .2 12 2239 .17 0 0 .07 5
2238 .39 0 0 .1 62 2339 .30 0 0 .22 5
•
2239 .100 -0 .0 50 2 339 .56 0 0 .03 7
2239 .43 0 0 .175 2 339 .130 -0 .1 37
•
223 9 .44 0 0 .2 37 2 338 .250 0 .10 0















































• 223690 395 910
'.: 57 50 1959200 223340 595910
224 0 17 3945 93
• 2242 17 3947 14
2242 50 594 470




• 225 100 396200
225200 396100
• 2255 60 393510
225570 396380














• 22747 0 539 130
22750 0 389700
• 227530 .;8T200
2 27520 339 150




• 227-7 30 539 17 0
2277 47 39436 5

























22 39 .9 10
22 39 .234
22 39 .4 60


















22 38 .4 30
22 38.4 80
2238 .4 70

































































































































- 9 . 0 No e le va t io n a vaila ble
No grid re fere nc e ava i la ble
11. GRID REFERENCE WELL REF . NO . DA TUM ELEVATION (M ) SU RFA CE ELEVAT ION (M )
22869 0 389270 2238 .390 12 .770 12 .2400 228810 338410 2238 .6 10 14 .060 13 .510
228956 397285 2239 .233 6 .469 6 .4690 229020 392060 2239 .190 6.840 5 .960
229030 392150 2239 .241 7 .220 6 .7000 229 03 0 392160 2239.242 7.280 6 .780
229030 392 140 2239 .177 7 .070 6 .7100 229090 392 150 22 39 .170 6 .950 6 .290
229 300 39 3300 22 39 .3 40 12 .940 12 .6100 229400 393200 22 39 .350 13 .620 13 .280
229420 393170 22 39 .350 13 .620 13 .2800 229600 393400 22 39 .333 14 .030 13 .680
2296 10 39 34 10 22 30 .100 14 .140 13 .330i r 229700 391100 22 39 .320 11.750 11 .450
2297 10 339350 22 38 .4 10 11 .950 11.580
•
2297 10 339350 2238 .4 00 11.950 11 .580
229710 391050 22 39 .320 11 .750 11 .450
•
229747 395398 22 39 .232 7 .689 7 .309
229880 396030 2239 .231 2 .465 2 .215
•
230010 390480 23 39 .800 14 .390 14 .290
230010 390470 2339 .1 10 14 .440 14 .370
•
230450 391310 2339.440 11.840 11.140
230462 391613 2339 .770 8.322 8 .322
•









230732 392040 2339 .810 4 .922 5 .422
230748 391967 2339.820 5.060 4 .962
•
230900 392400 2339.120 4 .620 4 .145230000-392400 2339 .2 10 4 .400 4 .040
•
230900 3924 00 2339 .220 4 .550 4 .000230980 392040 2339 .500 5 .350 5 .350
•
231060 390210 2339 .630 9 .320 9 .300231310 396943 2339 .750 2 .049 2 .049
•
231395 390200 2339 .7 30 8 .412 8 .200231480 391030 2339 .3 10 9.000 8.620
•
231670 3902 10 2339.400 9 .260 8.920231670 391920 2339.3 30 7 .310 7 .010231690 392630 2339 .130 6 .350 6 .1000
231390 390400 23 39.430 8 .470 3.2700 23 1910 390490 2339 .420 3.910 8 .tf,10
232010 339360 23 38.400 10 .520 9.790
•
232560 390450 2339.290 10 .320 9.320
232608.392204 2339.760 7 .09 7 7 .157232626 390060 2239.107 3.400 7 .9500









2 .230di 233460 392350 2339 ./OU 9 .200 9 .000
w
 233680 390660 2339 .300 7 .7 30 7.600is 233680 390670 2339 .200 7 .650
- 9 .900w
 234210 39 1470 2339.260 9 .800 9 .2000 234990 387500 2338 .300 9.970 9 .390235 110 339020 2338.250 4.430 3 .870
•

























































An ne xe D
Water Levels, December 1988
WAT ER LE VEL WATER LE VEL
0 GRI D REFERENCE DECEMBER 1 9 38( MET RES B. G. L . ) GRI D REFERENCE DECEMBER 19 38( MET RES B. G. L . )
0
0 2 2 5 0 36 392 37 0 0 . 00 2 29 09 0 19 2 1 5 0 1 . 032 2 3 30 3 3939 30 5 . 45 2 2 9 50 0 39 3 5 30
 
7 . 38
II 22 332 0 39 06 642 ,li i 5u 0 J I 62 37
6 . 40 22 94 ,20 39 317 0 3 . 49
229 6 3 0 3 9 54 0 0
 
) . 14
41 22 36 90 395 9 10 5 . 14 22 9 6 10 30 3 , 10 9 . 2 122 37 5 0 3 95 9 20 5 . 20 2 29 7 10 58 9 3 50  4 . 10
0 22 334 0 395 7 10 5 . 95 2 2 97 10 322 -,01 , 39 45 9 8 0 . 60 n9 350 : . 162 297 1 7 ) 710 50
 
2 . 61
0 2 24 2 17 39 47 14 0 . 03 2 2 9 717 ) ) , , /2 2 42 30 59447 0 0 . 25 :2 2 98 d 0 J ° 6 0 50
_I e - .
0 . 76
0 22 43 9 2 39 27 0 3 4 . 93 2 30 0 10 59 0 4 30 5 . 7022 450 0 3943 4 0 0 . 57 2 30 0 10 50 0 4 70
 
7 . 12
0 22 4695 395240 0 . 97 2 304 50 39 1 3 10 4 . 5422 4900 39 6200 3 . 33 23 04 62 3 9 16 13
 
1 . 77
2 25 20 0 396 100 3 . 15 2 3 0 713 39 2 337 0 . 300 2255 6 0 39 35 10 7 . 78 23 07 32 392 040 0 . 50
22 557 0 396380 6 . 10 23074 8 39 19 67 3 . 670 22 5930 394 87 0 8 . 18 2 30900 392 4 00 1 . 67
22 6 380 393 19 0 6 . 20
 2 30900 392400 1 . 650 22652 0 387 970 4 . 25 2309 80 392 040 0 . 61
22 6 630 396600 9 . 95 23 1060 39 02 10 2 . 780 22 6630 3 96 120 1 0 . 92 2 313 10 39 6943 1 . 82
22 6680 399440 1 0 . 40 2 31395 3902 00 0 . 960 22 6720 4 00060 5 . 16 2 3 148 0 3 9 1030 1 . 472 2 6790 3994 50 8 . 98 2 3 167 0 39 02 10 4 . 060 2272 50 391 120 3 . 13 2 3 167 0 391920 1 . 47
227 46 0 3934 60 6 . 06 23169 0 3 92 680 3 . 820 22 7460 393470 ' 6 . 38 23 189 0 39 0400 2 . 89
227460 393480 6 . 29 2 3 1910 390490 2 . 800 22747 0 389180 6 . 08 2 32560 390450 3 . 42
2 27 52 0 3 80150 6 . 64 232608 39 2204 1 . 300 22 15 50 38 90 30 6 . 27 232626 39 0060 2 . 28
2 27 4 0
 ; 37 9 00 - 0 . 0 3 23 2 8 13 392 6 00 4 . 030 227 1 20 394 0 80 9 . 25 2 3 3 13 0 3 9 1550 7 . 31
.22 7 7 , 0
 5 3917 0 6 . 14 2 334 20 59 2 3 3 0 1 . 5 )0 2 27 7 ,, 7
 5943 63 9 . 43 2 33 4 50 3 22 35 3 4 . 47
2 , 730 0 539 303 5 . 37 2 33 6 30 39 0 56 ) 5 . 720 2 27 3 10 338 12 0 0 . 37 2 362 10 5 +14 10 5. 14
2 2 7 ) )0
 397 6 00 5 . 11 2 349 , 3 3 .7 50 0 3 . 1.,II 2 23 03 0 339 4 50 5 . 05 2 35 110 ) 390 20 2 . ) 2
2 2 33 0 i 390 130 5 . 350 2 2 843 0 389990 5 . 81
22 8 52 0 3 86380 2 . 460 22 309 0 3 3927 0 4 . 93
22 3 3 10 3384 10 6 . 290 22 5 136 39 72 3 5 5 . 00
22 9 02 0 39 20 6 0 0 . 930 229030 592 15 0 2 . 09








































































The demand for long -term scientifi c ca p a bilitie s conce rn ing the
re sources of the land and its freshwate r s is rising sharply as the
powe r of man to chan ge his environm e n t is growing , and with
it the sca le of his impact. Comp rehe ns ive research facilities
(laboratories, fi e ld stud ies, comp uter mo d e lling , instrume ntation,
remote se ns ing) are nee de d to prov id e solutions to the
chal e ng ing prob lems of the modern w o rld in its conce rn for
appropriate and sympathe tic manageme n t of the fragile syste ms of
the land 's surface .
The  Terres trial and Freshw ater Scien c es  Dire ctora te of the
Natural Environment Rese arch Counc il b rings toge the r an
exce ptiona lly wide range of appropriate d isciplines (che mistry
b iology e ng ine ering, physics, geology g e ography mathe matics
and o ompute r sc ience s) comprising on e of the world's largest
bo dies of e stab lishe d environme ntal e x p e rtise . A sta f of 550,
large ly graduate and profess ional, from fo ur Institutes at e leven
laborator ies and fi eld stations and two Un ive rsity units provide
the sp e cialise d knowledge and e xperien c e to me e t national and
inte rnational needs in thre e m a jor are as :
Land Use and Natural Re s o urces
Environme ntal Qua lity and P o llution
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• FR E SHWAT ER BI O LO GI CAL ASSOC IAT IO N
The Fe n y Hou se , Far Sa wr e y
Amb le s:d e , C um b ria LA22 OLP
Tel : 0956 2 24611 Far 69 14
Tel e x: 19505 11 O NEO NE G
REF 15 17300 1
a t Th e R iv e r La bo ra to r y
Ea s t Stok e , Wa re h a m
Do rs e t 131420 6131
Te l: 0929 4623 14 Fax : 462 110
Te le x : 89506 11 O NEO NE G
REF 16 17900 1
IN STI T UTE O F VIR O LO GY
Man s fi eld Roa d , Ox for d OX / 35R
Ib l: 086 5 51236 1 Fax : 5996 2 701e x: 83147
* UNI T OF CO M P A R RTIVE P LAN T EC OL O GY
De p t of Plan t Sc ie nc e s , She ffie ld Unive rs ity , She ffield 6 10 2TN
Te l: 0742 76855 5 Fax : 700 859 Tele x 547216
• UN IT O F WA TER RE SO URCE S
SYST EM S RE SEA R CH
De p t of Gred Eng ine e ring
Ne w c a stle Urev e rs Ity
Ne wc as tle up o n Tyne NE I TRU
Tel: 09 1-232 35 11 Fax : 26 1 0 19 / Tele x: 53554
D IR E CTO RATE OF TERRE STR IAL
& F RESHWATE R SCI ENC ES
Nat ur al En vir onm e nt Rese ar ch Coun cil
Pol ar is Ho use , No rth Sta r Ave nu e
Swin d o n 1142 1EU
Te l: 0793 40 10 1 Fa x: 5 11117 Te le x: 444293
•
Jo,
•
•
